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A.  Research  Goals 


The  objective  of  the  project  was  to  develop  a  low-cost,  high  thermal  conductivity 
carbon/carbon  composite  with  a  mesophase  pitch-based  matrix.  In  addition,  it  was  proposed  that  the 
project  employ  a  pressure-carbonization  technique  in  order  to  increase  the  composite  density  to 
approximately  1.5  g/cc,  resulting  in  an  increase  in  both  the  mechanical  and  thermal  properties  of  the 
composites. 

B.  Significant  Results 

A  low-cost,  continuous  powder  coating  process  has  been  developed  which  can  produce  a 
flexible  pre-impregnated  pitch-based  towpreg.  The  process  was  used  to  produce  towpreg  from 
Mitsubishi  AR  mesophase  pitch  powder  and  three  different  carbon  fibers:  T300  PAN-based  fiber, 
P55  pitch-based  fiber,  and  an  experimental  high  thermal  conductivity  pitch-based  ribbon  fiber.  The 
pitch  powder  was  deposited  on  individual  fibers,  rather  than  on  bundles  of  fibers.  As  a  result,  the 
pitch-based  towpreg  was  very  flexible  and  easy  to  handle.  This  flexibility  will  allow  the  forming  of 
multidimensional  pre-impregnated  preforms  which  can  be  simply  hot  pressed  into  composites. 

The  thermal  conductivity  (parallel  to  the  fibers)  of  the  graphitized  T300/AR-120  and 
P55/AR-120  composites  was  80.5  and  135.5  W/m-K,  respectively.  These  results,  along  with  x-ray 
analysis,  indicated  a  significant  development  of  preferred  crystalline  order  (parallel  to  fibers)  upon 
graphitization  at  2400®C.  The  composites  reinforced  with  ribbon  fibers  exhibited  3-D  anisotropy, 
with  a  thermal  conductivity  (transverse  to  the  fibers)  of  213.5  W/m-K,  higher  than  that  parallel  to  the 
fibers  (145  W/m-K).  These  results  indicated  that  fiber  shape  can  affect  matrix  properties  in 
carbon/carbon  composites. 

A  finite  element  model  was  developed  to  predict  the  thermal  conductivity  of  carbon/carbon 
composites,  both  parallel  and  transverse  to  the  fibers.  This  model  accounts  not  only  for  the 
anisotropic  nature  of  the  fibers  and  matrix,  but  also  for  random  porosity  and  different  types  of 
fiber/matrix  bonding  (Figure  1).  The  model  was  able  to  accurately  predict  the  average  thermal 
conductivity  of  the  composites  produced  in  this  study.  Figure  2  shows  graphically  the  agreement 
between  predicted  and  measured  thermal  conductivity  for  one  set  of  composites.  Other  composites 
showed  similar  agreement.  The  model  successfully  predicted  the  thermal  conductivity  parallel  to  the 
fiber  axis  for  P55  and  ribbon  fiber  composites.  The  model  also  predicted  the  thermal  conductivity 
perpendicular  to  the  fibers  for  P55  pitch-based  fiber  composites,  but  significantly  underestimated  the 
conductivity  of  ribbon  fiber  composites. 


Figure  1.  Exaggerated  illustration  of  intramatrix  cracking  and  fiber  matrix  debonding  both  parallel 
and  perpendicular  to  the  fiber  axis  in  a  ribbon  fiber  composite. 


Figure  2.  Plot  of  predicted  versus  measured  thermal  conductivity,  parallel  to  the  fibers,  of 
individual  T300/AR-120  composites  heat  treated  to  2400®C. 


C.  Future  Research 

1.  Ribbon  fiber  and  heat-treated  mesophase  pitch  should  be  used  to  produce  high  thermal 
conductivity  carbon/carbon  composites. 

2.  The  towpreg  fabrication  method  can  be  used  to  widen  the  processing  window  to  include 
alternative  pitches,  which  may  form  better  composites  in  less  time. 

3.  The  finite  element  model  produced  for  this  study  can  be  used  to  study  the  effect  of  specific 
material  characteristics,  such  as  fiber  texture  and  fiber/matrix  bonding,  on  the  composite  thermal 
conductivity. 
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